Abstract. The present study aimed to investigate the expression profile of AXL in non-small cell lung cancer (NSCLC) and its clinical significance. The current study included 257 NSCLC patients, tyrosine-protein kinase receptor UFO (AXL) expression in paired lung cancer and adjacent normal lung tissues of NSCLC patients were compared by immunohistochemistry, western blot analysis and quantitative polymerase chain reaction (qPCR). These methods were used to detect the expression of the AXL gene and protein in fresh tissues from 35 patients. Small interfering RNA (siRNA) was transfected into the H1299 lung cancer cell line to knock down AXL expression; the effects of AXL-siRNA on cell proliferation and migration were examined by MTT and Transwell migration assay, respectively. It was found that AXL staining density in lung cancer tissues was significantly increased compared with adjacent normal lung tissues (55.25 vs. 26.85%; P<0.01); and the expression level of AXL in NSCLC patients was significantly associated with the degree of tumor differentiation (P<0.01) and the clinical stage of disease (P<0.01). Western blotting and qPCR showed that AXL expression was significantly higher in cancer tissues compared with that in adjacent lung tissue (P<0.05). Additionally, the current study also showed that AXL-siRNA inhibited H1299 cell proliferation and migration in vitro. The present study demonstrates the association between increased expression of AXL in NSCLC and the low differentiation phenotype, and its effects on cell proliferation and migration, suggesting its potential clinical values for the prognosis of NSCLC.
Introduction
Non-small cell lung cancer (NSCLC) is a lethal and aggressive malignancy that accounts for the majority of lung cancer cases. It is known to have low sensitivity to chemotherapy and even with optimal treatment, the mortality of NSCLC patients remains unacceptably high (1); therefore, the development of new treatment approaches for NSCLC is of great importance.
NSCLC has been shown to be induced by interplay between environmental factors and aberrant gene expression. However, a considerable amount of work has been performed to elucidate its genetic basis. The tyrosine-protein kinase receptor (TYRO3), tyrosine-protein kinase receptor UFO (AXL) and MER proto-oncogene tyrosine kinase (MER-TK) TAM receptor family, which share a common ligand termed growth arrest-specific 6 (Gas6), are characterized by a combination of 2 immunoglobulin-like domains, dual fibronectin type III repeats in the extracellular region and a cytoplasmic kinase domain. The activation of TAM signaling has been reported to be involved in several biological processes, including cell survival, proliferation, migration and adhesion (2) . Belonging to the TAM subfamily, AXL, a receptor tyrosine kinase that shares the same structure and function with TYRO3 and MER, has been shown to be highly expressed in cancers including blood, breast, ovarian and prostate cancers (3) (4) (5) (6) (7) (8) . However, to the best of our knowledge, its potential role has not been fully addressed in NSCLC on a clinical level.
To fully understand its function in clinical patients, the present study enrolled a cohort of patients with NSCLC, of which the expression profile of AXL in cancer tissues and normal tissues were compared. A significant differential expression between tissues, and its association with clinical characteristics is reported. In addition to the clinical study, the in vitro experiments using AXL siRNA present consistency with the results of the present study. . The media were supplied with 10% fetal bovine serum (Hyclone: GE Healthcare Life Sciences) without antibiotics. Cells were cultured in a 37˚C incubator containing 5% CO 2 . The culture media were changed every 2-3 days. Cells with 80% confluency were passaged. Cells at 60-70% confluency were transfected with AXL-siRNA using Western blot analysis. The protein from the fresh tissue was isolated and quantified using radioimmunoprecipitation assay buffer and a BCA Protein Assay kit (Beyotime Institute of Biotechnology, Haimen, China), respectively. The protein was denatured with loading buffer at 100˚C. The western blot analysis was conducted using a SDS-PAGE Gel kit (cat. no. P0012A) and the DAB Horseradish Peroxidase Color Development kit (cat. no. P0203) (both Beyotime Institute of Biotechnology) according to the manufacturer's protocol. The anti-AXL antibody was used at a dilution of 1:300. The mouse monoclonal antibodies against β-actin (cat. no. sc-47778; 1:500) were purchased from Santa Cruz Biotechnology, Inc.
Materials and methods
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(Dallas, TX, USA). The results were analyzed using the Gel-Pro Analyzer software (version 4.0; Media Cybernetics, Inc., Rockville, MD, USA).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Quantitative analysis of AXL mRNA expression was achieved by RT-qPCR; the total RNA of the samples was isolated by RNAiso Plus (Takara Biotechnology Co., Ltd., Dalian, China), the first strand of cDNA was synthesized by PrimeScript ® RT Master Mix Perfect Real Time (Takara Biotechnology Co., Ltd.), and the amplification was assessed using SYBR ® Premix Ex Taq™ (Takara Biotechnology Co., Ltd.). All were completed according the manufacturer's protocols. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as internal control. The relative expression was calculated by the 2 -ΔΔCq method. The primers were synthesized by Takara, and their sequences were as follows: AXL, forward, 5'-GCA ACC TTC ACC TAC CGA GTT C-3' and reverse, 5'-GGC CAA CAT GGT GAA ACC CT-3'; GAPDH, forward, 5'-ACC ACA GTC CAT GCC ATC AC-3' and reverse 5'-TCC ACC ACC CTG TTG CTG TA-3' . The PCR amplification and data analysis were assessed using a ThermoCycler Dice Real Time System (Takara Biotechnology Co., Ltd.). The conditions were as follows: 1 cycle of 95˚C for 30 sec; 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec; and 1 cycle 95˚C for 30 sec (Table I) . Experiments were performed in triplicate and the mean ΔCq values were used for subsequent analysis.
Cell proliferation and invasion assays. Cells were plated into 24-well plates at a density of 3x10 4 cells/well 1 day prior to transfection. Cell culture medium was replaced with fresh RPMI-1640 medium containing 10% fetal bovine serum without antibiotics one day following AXL-siRNA transfection. Following another 24, 48 and 72 h of culture, the MTT Cell Proliferation Assay kit (American Type Culture Collection, Manassas, VA, USA) was used to perform the MTT assay, according to the manufacturer's protocol. Each group was detected at a wavelength of 490 nm using a Model 680 Microplate Reader (Bio-Rad, Hercules, CA, USA). Experiments were performed in triplicate and the mean was used in the statistical analysis. The Transwell invasion assay was performed using a 24-well, 8 µm pore size Costar Transwell chamber system (Corning Life Sciences, Lowell, MA, USA), according to the manufacturer's protocol. A total of 1x10 5 cells/well were seeded in the upper chamber. The number of cells in the lower chamber was counted in the lower chamber following 36 h of culture for the transfection and control groups. Experiments were performed in triplicate and the mean was used in the statistical analysis. Temperature, ˚C  95  95  60  95  Time, sec  30  5  30  30 PCR, polymerase chain reaction. Table II . Expression of AXL in tumor and peritumoral tissues. 
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Results
Differential expression of AXL in NSCLC tissue and its clinical significance.
The results of the immunohistochemistry analysis are shown in Fig. 1 . The present study found that the AXL staining was mainly located in the cytoplasm, and a small portion of nuclear staining was also observed. Out of the total 257 patients 147 showed positive staining for AXL, and the average positive rate was 55.25%, which is significantly higher than that of the adjacent lung tissue (26.85%; P=0.009; Table II ).
The clinical characteristics and the statistical analysis are shown in Table III . The present study found that the expression level of AXL was significantly associated with the degree of tumor differentiation. The lower the differentiation of the tumor, the higher level of AXL expressed (P=0.001). Patients with a stage higher than stage I showed significantly higher expression level of AXL than those with stage I (P=0.005). By contrast, no association between AXL expression and age (P= 0.722), gender (P=0.238), histological type (P=1.000), lymph node metastasis (P=0.091) or tumor size (P=0.166) was found.
Next, the expression of AXL in fresh tissues was detected by western blot analysis and qPCR. Consistent with the immunohistochemistry results, the mRNA (P=0.037; Fig. 3 ) and protein (P= 0.044; Fig. 2 ) levels of AXL were significantly increased in NSCLC tissues compared with those in their adjacent lung tissues.
Differential expression of AXL in NSCLC cell lines.
To investigate the function of AXL in vitro, the current study first detected its expression in lung cancer cell lines A549, H1299 and SK-MES-1 by western blot analysis and qPCR. As shown in Fig. 4, H1299 demonstrated markedly higher level of AXL protein expression compared with the other two cell lines. In Effects of AXL-siRNA on the proliferation and invasion activity of H1299 cells. Due to the relative high expression of H1299, a methyl thiazolyl tetrazolium (MTT) assay was performed with a Transwell migration assay to determine whether inhibition of AXL expression could reduce its Table III . Associations between the expression of AXL and the clinical characteristics. proliferation and invasion activity. Western blotting and qPCR analysis confirmed the knockdown efficiency of the AXL-siRNA. AXL protein expression was markedly decreased (Fig. 6 ) and AXL mRNA expression was significantly decreased (P= 0.019 vs. the negative control; P= 0.013 vs. the mock transfection; Fig. 7 ) in H1299 cells following the silencing of AXL by its specific siRNA. Subsequent to transfection, cells were incubated in complete medium for another 24, 48 or 72 h. MTT results showed that transfection with AXL-siRNA resulted in a significant decrease of cell viability compared with the negative control at each time point (P= 0.007; Fig. 8 ). In addition, the number of cells in the bottom layer of the culture was significantly decreased following AXL-siRNA transfection compared with the negative control (P= 0.018). The number of cells that migrated to the underside of the membranes was calculated by counting 5 random separate fields, as shown by Transwell analysis (Fig. 9) , indicating the decreased invasion activity subsequent to AXL inhibition.
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Discussion
In the present study, the expression of AXL was detected in the paraffin sections of NSCLC tissues. Consistent with the feature of receptor tyrosine kinases, it was found that the expression of AXL was largely localized in the cytoplasm, with the exception of a small proportion of nuclear localization. More importantly, the expression of AXL was found to be significantly higher in tumor tissues compared with adjacent lung tissues in the two paraffin sections and fresh tissues, which is in accordance with the findings of a previous study (9) . Subsequent to reviewing the clinical characteristics statistically, the present study found a significant association between high AXL expression and low differentiation grade. As atypical histopathology forms an important part of the low differentiation state, the current study suggests that the higher AXL expression may be associated to an atypical phenotype of NSCLC cells, thus represents a cancer type with aggressive invasion and poor prognosis. Similarly, the present data also revealed a strong association between high AXL expression and tumor Union for International Cancer Control TNM Classification of Malignant Tumors stage (10), patients with a disease stage >I showed an overall higher AXL expression compared with stage I patients. The current clinical data therefore preliminarily demonstrated that AXL may be a risk factor associated with the prognosis of NSCLC patients.
Demarchi et al demonstrated the anti-apoptotic function of AXL by activating the nuclear factor κB (NF-κB) pathway in NIH3T3 fibroblast cells (11) . Shankar et al reported the synergic effect of Gas6 on AXL in the regulation of apoptosis, and found that Gas6 promoted cell survival and decreased apoptosis in AXL-expressing oligodendrocytes in the presence of growth factor deprivation and tumor necrosis factor-cytotoxicity (12) . In addition to these findings, Gas6/AXL activation has been shown to be involved in the processes of proliferation and apoptosis of human pulmonary artery endothelial cells, human umbilical vein smooth muscle cells and human umbilical vein endothelial cells by several mechanisms including protein kinase B activation, NF-κB phosphorylation, B-cell lymphoma 2 upregulation and caspase-3 suppression (13) (14) (15) .
A number of studies have also highlighted the significant role of AXL in lung cancer cell invasion and metastasis. Tai et al (16) suggested that NF-kB dependent matrix metalloproteinase-9 activation mediates the pro-metastatic effect of AXL on lung cancer cells. Particularly, by co-immunoprecipitation and RNAi methods, Vaughan et al (17) demonstrated that mutated p53 is responsible for increased AXL expression, and that increased expression may have accounted for the enhancement of mitogenic activity. In the present study, since the AXL expression was significantly increased in H1299 cells compared with other NSCLC cell lines, the effect of AXL knockdown on H1299 cell proliferation and migration was investigated. The current data indicated the detrimental effect of AXL on cancer cells, as exemplified by the decreased proliferation and migration capacity subsequent to knockdown of AXL.
In summary, the present study reported aberrantly higher expression of AXL in NSCLC tissues, and this expression profile is prominently associated with the histological grade and clinical stage, which offered insights into its potential prognostic value. Previous studies have shed new light on AXL-based targeted therapy; however, additional elucidations on the molecular regulatory network of AXL in the development and progression of lung cancer are required to facilitate its application in translational medical research.
